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PART  I 


e.  List  of  printed  technical  reports  and  non-refereed  papers: 

Fabrication  and  Characterization  of  Pt  and  Pt-Ir  Ultramicroelectrodes.  George 
J.  Cali.  End-of-the-Year  Technical  Report  No.  13. 
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Part  m. 


The  three  viewgraphs  requested  for  this  section  are  enclosed:  an 
introductory  viewgraph,  a  viewgraph  outlining  the  method  used  for  the 
characterization  of  freshly  etched  Pt  and  Pt-Ir  ultramicroelectrode  tips,  and  a 
concluding  viewgraph. 

The  introductory  viewgraph  lists  the  characteristics,  advantages  and 
limitations,  and  some  potential  practical  applications  of  ultramicroelectrodes. 

The  second  viewgraph  outlines  the  procedure  used  for  the 
characterization  of  freshly  etched  Pt  and  Pt-Ir  ultramicroelectrode  tips  before  sealing 
in  glass.  Application  of  the  method  to  micrographs  obtained  by  scanning  electron 
microscopy  shows  that  the  NaOH/KCN  electrochemical  etch  used  can  produce  Pt 
and  Pt-Ir  ultramicroelectrode  tips  with  hemispherical  radii  of  respectively  0.36  ±  0.20 
|xm  and  0.57  ±  0.24  pm  (95%  confidence  limits).  These  results  confirm  earlier 
estimates  and  require  the  differentiation  of  ultramicroelectrodes  with  apparent 
electrochemical  radii  of  less  than  0.1  pm  in  two  categories,  nanometer-sized 
electrodes  (nanodes)  and  Site  Exclusion  Electrochemical  Detectors  (SEEDS). 
Nanodes  can  be  used  to  address  fundamental  questions  in  interfacial 
electrochemistry,  for  example  the  measurement  of  contributions  due  to  solvent 
relaxation  effects  to  reorganization  energies.  SEEDS  may  find  important  uses  in  the 
study  of  chemical  and  mass-transport  properties  in  confined  spaces;  restricted  mass 
transport  may  have  important  ramifications  in  the  imderstanding  of  corrosion  rates 
through  cracks  or  fissures  in  metals  resulting  from  metal  fatigue,  stress  fractures,  or 
defective  welds,  and  also  in  the  accurate  determination  of  the  efficiencies  of  batteries 
and  flow-through  catalytic  systems. 


Some  of  these  issues  are  addressed  in  the  concluding  viewgraph. 


Pt  and  Pt-Ir  Ultramicroelectrodes 


Characteristics: 

•  small  size,  0.5-10  fim 

•  hemispherical  or  conical  geometry 

•  mass-transport  by  radial  diffusion 

Advantages: 

•  low  limit  of  detection 

•  high  mass  transport  velocity 

•  fast  transient  response 

•  high  spatial  resolution 

Limitations: 

•  response  sensitive  to  size  and  geometry 

•  variable  size  distribution  during  manufacture 

•  limited  life 

Applications: 

•  detectors  in  resistive  media 

•  sensors  inside  microorganisms 

•  micromachining  tools 

•  microarray  devices 


Characterization  of  Etched  UME  Tip  Geometry 


y 


^^parabola  —  2a /(I  +  b  )  ^  (at  x  —  0) 

^circle  =  Vr 

Set  Kparabola  =  ^^circle  to  obtain  UME  tip  radius  r 


CONCLUSIONS 


Pt  and  Pt-Ir  Ultramicroelectrodes 


SEM“freshly  etched  wires  (95%  confidence  limits) 

•  Pt  0.36  ±  0.20  jiim 

•  Pt-Ir  0.57  ±  0.24  |im 

•  smooth  surface  40,000x  magnification 

Cyclic  Voltammetry-after  encasing  in  glass 

•  electrochemical  radii  0.1-20  |xm 

•  conical  and  hemispherical  diffusion 


Nanodes  (Nanometer-sized  electrodes) 

•  heterogeneous  electron  transfer  rate  constants 

•  solvent  relaxation  effects 


SEEDS  (Site  Exclusion  Electrochemical  Detectors) 

•  mass  transport  in  confined  spaces 

•  corrosion  rates:  metal  fatigue,  welds,  fractures 

•  efficiencies  of  batteries,  flow-through  catalysts 


